Geopolymers are emerging "green" materials for its low embodied energy and carbon footprint, and its potential to valorize wastes, such as coal fly ash. It is an inorganic cementitious material formed from the polymerization of aluminosilicates in an activating solution such as that of alkali hydroxides or silicates. Their superior mechanical properties, including heat and fire resistance make them an excellent material for diverse applications. Recent studies have also exploited the tunable open porosity and adsorbing properties of geopolymers. Our work thus explores the potential of porous geopolymer spheres for antibacterial applications. These spheres were synthesized using coal fly ash as the geopolymer precursor and the porous surface is coated with either amoxicillin or silver nanoparticles (AgNPs) adsorbed in the matrix. For the AgNP geopolymer spheres, SEM images show spherical nanostructures when using ascorbic acid as a reducing agent, while spherical, cubical, and wire structures were observed when reduced using NaBH4. Indication from UV-Vis results also suggests the gradual release of both amoxicillin and AgNPs in the solution from the functionalized geopolymer spheres. Using E. Coli as the test organism for a modified disk diffusion assay, both showed zones of inhibition against the bacteria. Further tests on 26 Coal Fly Ash-based Geopolymer Spheres Coated with Amoxicillin and Nanosilver for Potential Antibacterial Applications antibacterial application of AgNP geopolymer spheres show their effectiveness to kill at least 95% of the E. coli in a water sample initially containing 10 5 cfu/mL in just 30 minutes.
Morphological characterizations were also done using scanning electron microscopy (SEM). In addition, the dissociation of these antimicrobial geopolymers in solution were measured using UV-Vis spectrophotometry. Antibacterial activity test of these geopolymer spheres were also done using E. coli as the indicator.
MATERIALS AND METHODS

Preparation of Geopolymer Spheres
Geopolymer spheres were synthesized using a modified method described in were then collected, rinsed thoroughly, and left to cure in a laboratory oven at 90°C for another 24 hours. Fig. 1 shows the synthesized geopolymer spheres The geopolymer spheres were immersed in this solution for 24 hours. They were then removed from the solution and were allowed to air dry at room temperature for another 24 hours. 
RESULTS AND DISCUSSION
Coating of Geopolymer Spheres with AgNPs
Geopolymer spheres coated with The geopolymer spheres with AgNPs from the reduction by ascorbic acid produced spherical silver nanostructures ( Fig. 3a) with uneven densities of the AgNPs surrounding the geopolymer, while the ones reduced by NaBH4 also produced spherical shapes, alongside with uneven cubic nanostructures, and silver nanowires ( Fig. 3b ).
30 Coal Fly Ash-based Geopolymer Spheres Coated with Amoxicillin and Nanosilver for Potential Antibacterial Applications 
A. Amoxicillin Coated Geopolymer Spheres
The lambda max of the antibiotic mixture was determined to be at 350 nm.
Thus, absorbance values of the amoxicillin dilutions at 350 nm were obtained to get the calibration curve as shown in Eq. 1 and 
B. AgNP Coated Geopolymer Spheres
To test the geopolymer spheres' efficacy to contain the AgNPs, the absorbance of distilled water immersed 32 Coal Fly Ash-based Geopolymer Spheres Coated with Amoxicillin and Nanosilver for Potential Antibacterial Applications with AgNP geopolymer spheres reduced with NaBH4 over 30 minutes was measured. It is seen in Fig. 6 that the absorbance of the distilled water solution exposed to the functionalized geopolymer spheres has a linear relationship with as time increases. Furthermore, the dispersion of the AgNPs is gradual as the length of mixing time increases; the AgNPs did not completely dissociate all at once, as the spheres were immersed in water.
Preliminary Antimicrobial Testing
A. Geopolymers Spheres with AgNPs
To determine the antibacterial efficacy of the geopolymer spheres impregnated with AgNPs, the zone of inhibition (ZOI) against E. coli was determined using an antibacterial susceptibility test. AgNP geopolymer spheres reduced using NaBH4 displayed significant ZOIs from 7-10 mm, showing that these geopolymers were successful in inhibiting the growth of bacteria (Fig. 6a ).
On the other hand, the synthesized AgNP geopolymer spheres reduced using ascorbic acid did not show any ZOIs (Fig.   6b ).
A known cause of AgNPs'
antibacterial activity is its ability to increase the bacterial cell's permeability.
Due to this, the cell fails to regulate the transport of substances between its membrane, eventually leading to its death. soaked in AgNO3 and then tested against E. coli, formed uneven ZOIs (Fig. 7) and a brown discoloration was also detected, primarily due to AgNO3. (2) 9 ).
Through a one-way analysis of variance, it was observed that the p-value (3.217 e-11) is lower than the significance level of 0.05. Thus, the null hypothesis is rejected, meaning that there is a significant difference between the treated and the untreated spheres. 
